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WW** 5 iff 19 iff IftSmS § Jf 



lt*£S£!6 An S3 JF P w^m], ffiiJSM-® * 
An. 




(BJ)3? 1456 



IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM 
ELECTRONICS, VOL. 1.N0.1, PP.102 - 109, 1995 f ft^tf-ft&JBai 
Bj*^Pl^M^W^^^^#i^^(real refractive index guided) 

fi*S*fte*fl*. *fi**ia£«l. «q£±i*^4*, W«*flt* 

gtt&fcS * 10 " 3 . 

*/Jvf 70mw, Mfe7k¥1fHtt7^ytJ&£mmn*'b=f- 6.5°, 

^^^^it^7K¥^i^W*¥^^^eH ^^^^^^ 

^#ja££±W-&##^#( rid 8 e portion), ifc^lM^&T fctfL 



An>2 x 10 " 3 , 

W<-1.6 ^ 10 " 3 * An+9.3 , 

W>3.0 

Jltatt7-ft5riiW^tt^fa(ridge wave guided)#^fr^ 

W<-1.5 x 10 " 3 x An+8.55 

ttlBW**«fi««*»50^/hT 150mwM3fc*fciH?tA 
^ — ^%H3RM»rWS Al x G ai . x As, ^WJjRlWft Al q G ai . q As 
(l>x>q> 0), fl5--#%ai»SRrWS Al y Ga,. y As (y>q)rIII^IW 
IcXjk Al z Ga]. 2 As „ 

Mn, ^W««i^^M#^^J^ ioomw Wfttftt!3&*. 

f*feS»Jlft ai x fl$&-#fegl»JIift ai Mffl#fcfc 

y, 0.4 , X**^ 0.6. 

y . m&mmmw ai w*i#t£ z 5%-%*m&mto ai wa^tk y £ 

H^/J^ 0.02, £Sfl>1f8iLT, &flg^ft£^&*rlW£iiO 



&mmm&} ai ws#tb z s^^^^ 0.6 , &#tt«»T*«Ea 

^%S!^^^-t^^— ^* 2B[3R ^- ^ AIGaAs 

AIGaAs Al q G ai . q As 
(l>x>q>0, l>y>q>0)^|^W#^!^Jl^^ AlpG ai .pAs (x>p>q, y>p>q)M 

{ftftftSB-ftto^Sf. T£#tt8#&#Hfc&* Al x G a] . x As ®j£lftS&-#fe 
§*JI. * Al q Ga,. q As (l>x>q>0) ^J&lft^JI* * Al y Gai. y As (y>q)$) 



xnm&M*m&&#&&&*to%®> aug^as (i> z > y )^ 

W[jim]«J^lK, WiK£Ti&2* 
An> 2 * 10 " 3 ' 
W<-1.6 x 10 3 * An + 9.3 

lOOmwlftftiittiSW. 

W<-1.5 x 10 3 x An + 8.55 
150mw WMIftW. 



2.4 x 10 ~ 3 < An < 3.5 * 10"\ 
W>2.5 , 

W<-1.33 x 10 3 x An +8.723 , 
W< 2.25 x 10 3 x An -2.8 

ttHttT-ftfrTftttt^wa******* 11 - **** 

W<-1.33 x 10 3 x An +7.923 

W<2.25 x 10 3 x An-3.175 

^^^^gy^jgpj^ Al x Ga,. x As ftjfc, WtSMRT* Al q Gaj. q As 
(l>x>q>0)fW, m-#%S»MPl*Al y Ga 1 . y As(y>q)^^. ffi*«fig 
jfoTS Al z Ga,. z As $J$. 

tmm^mmmitm^^ 70mw £ 
^vm&mn&mmmM ai wi&#tt z w^ff PMif-^iiK 

^-^feSlgUIM ai ttffl^tfc x fn*z:#feSl»JlW ai ftl&^fct 
y, AjSPBE^/J^ 0.4 '0.6 . 

^m^m^mmm® ai wa^tt * i=i*-^fesi»Jiw ai 



15 • S^-^fefflftfirtWW^^**^^ 300A ttitinfcailBit 

ji. 

ft»ffi»— ^*a^#frW«±^^»— 3%ai*E. & AlGaAs 

AlGaAs ^^-^^^^ts^^^*^^^^" 11 ^^^^ Al q Ga,. q As 
25 (l>x>q>0, l>y>q>0)a^^*: : f : WMfni AlpGa,.pAs (x>p>q0, y>p>q)M 

^-^{«^^#^s«^^^^^^^ /jN:f 70mw w 
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m. S*. K#^S*#«^tt^/J^ 300|iinX^^ 600Min«I« 

M x Ga, x As «jaw»-^*ai 

«JX. *Al q Ga, q As(l>x>q>0)fM6W^M, & Al y G ai . y As (y>q)*^ 
Pffl*»*%*J»fi^»***«*«- Al 2 G ai . z As (l>z>y)M, 

2.4 x 10 " 3 < An < 3.5 * 10" 3 , 
W >2.5 , 

W<-1.33 x 10 3 x An +8.723 , W2fc 
W<2.25 x 10 3 x An -2.8 

it, GJH£i»£T3£**: 

W < -1 .33 x 10 3 x An +7.923 



W< 2.25 x 10 3 x An -3.175 
^ ffl 4**K*»ffl*-^«^W*##«*#^W«!l®^*ffl ; 

H ii 7 4 w ^ cod ( $t®yt^m 

HI 8 ^^1H 4 ff^^#fr«3t«#+^*«TW*^ttAn 
isffl® l %5l3*S*^W»-^SfiW W-ft AlGaAs 

w. 

&m 1 t,ft(naGAs|tH l/^&^jft 0.5^im J¥ Set^nlGAs 
f^l2, O.ljim m Se n M. Al.GaL.As 3 ft 2.3^m i¥ Se # 

^nSAl x Ga 1 ,Asfl4, x>s>0 . £*£$£fl£fcl4». s=0.18, 



% n mm 4 ±$»$ 410A mm& aug^s ^^ji 5 , 
iooa jm Ai q G ai . q As mmmmmum 6 m& 

41 OA Al w G ai . w As Jtmm 7 , g * l>x>v, v>q>0, w>q>0, yl>w, 

Y2>w. v=0.35,q=0.035,w=0.35. 

£ft&^JI 7 ±M t^m if Zn p M Al y ,Ga,. y ,As «I8. 
£BJ«£W, yl=0.45. 

£ p MfUI 8 W#ifi+*»#±®. (i&Kfr 

200A Zn «c p S! Al.Ga^s {ftSIBjkJS 9 , 

2nm J¥^J^ Zn P 9 Al^Ga^As «Ji 10 *fl 0.4^m J*ft3? Zn p 
M GAs HJl(cap layer)ll . p 3tt*dl&Jl:& 9 W^im , W^irn 

fM^IS^^nll. l>u>yl, l>u>y2. 

fcj*. u=0.7,y2=0.45. p S!tt*!lfijLJi 9 > p S»M 10 ft P SUM 11 

£ p HJRJI 8 ±®$c«i£ 0.3^m J?#&& Al zl G ai . zl As fcfoSSfe 
13.02nm mSemnMAW^As^mmi*® 0.3mn»Se*& n 
g GaAs feflCEHIi & 15 . ftlfftW^ 12 tol>yl. 
I>zl>y2, l>z2>yl, I>z2>y2 . 

6 nm * Zn p H GaAs gfi*Jl 16 P SUM 11 W±£ffi. 

mtm 15 w±^m^4S®±. 

& P mtmm ia ±m * cr/Au p * 7 ■ n s ^ 

1 ^T^®±^5§;* Cr/Sn/Au Sjffiftj n ftlfcfe 18 . 

&mmn&m%Mk^®mz c mocvd ) aa&^stfh 

52 ( MBE ) fe^W^ffl^S ( VPE ) m Snl GaAs ?« 1 ±3 
&£-fcn§!GaAs&#Jl2, n U AlGaAs WiWM 3 , n 38 AlGaAs % M 4 , 

AlGaAs «#M 5 , 6 . AlGaAs 

7, pffl AlGaAs »JI< 8, p SI AlGaAs $ Al As j&£J PI ±H 

9, pmmmttJk^ttmtiLMlt^fr) lOWSpHGaAsH^ll. 

P shhm 1 1 wi, ^s^as^s p mm 10 liwift 

^ P S!GaAsJIMll±M^Si0 2 K, Si0 2 jKft3jft 



mmmmm±m 9 urn**** 12 . &=?mm±m 9 « m 

13 i4*P is. 12 »iB*S"»-t* 

ffl. gffl±Jfi«S1«*Sft«**EeK 13 - M^ISWWIC 
11 W±*W±4.ft p B GaAs ScttS 16 • 

g#»****»s»**BS* 13 * 14 ri p ASH 8 * 10 ffi tfc, k 

an««Btt b *M*»t»*JE*. 

b 

aas#*ffiESfi 13 « 14 # g » ai ®mmt *i •% z2 

«&#'lf ST, ft*#«*S«=M«)Sffl^SiJIE±S4t*^ 2 % » 95 
%WS*fK, BttfcflEttS* 120011m. S25CSF*»*Tafi*«. ■ 
* 1 M & 7 %«ESS 13 » H.# a » Al ft zi W *2 U&B 2 ft 

g#fiJpM«I8»*St. S*A1 - A5 4.5pm. 



a 1 





fciftlfigJI 13 to 
Al ttffl^ttzl 


Al toS^tkz2 


pgl#J§8to 
J? it t(Min) 


Al 


0.53 


0.53 


0.25 


A2 


0.55 


0.55 


0.25 
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A3 


0.59 


0.59 


0.25 


A4 


0.70 


0.70 


0.25 


A5 


0.70 


0.70 


0.25 



%fm%^M.-k%m^^^b=f- ioomw 5 ^mrM^fett? 

2.6 x 10 - 3 ftf;fc*/Jvf 150mw, M^^»/flt¥M{I^T 2.3 * 10' 3 
5 ftfjW/hT 200mw. 

^^M^M^-X^ 3 x 10 " 3 , ;fttl£B5«3? lOOmw 
WfflfaT, 43mA, IfttfeflE* 140mA, gjtffc 

3ft a 18°, ?°; W^tffttftitMfc**^ 

2.5xl0" 3 , #;*&£fci?b$3f 170mw W1f«T, ft5lttt3fc«tt*«* 
10 45mA, 185mA, StftJftStfcfc* 18°, 

&7°. 

a^Sfe^flt*^^^ 2.3 x 10~ 3 Etf, ^ii*^¥^200mw, 
, JI0»5!lW*3fe«tf[*i!lE*47mA, IftfcfllEift 235mA . SJt^^tfc^ 

15 ItWtt**^ 3 x 10- 3 Bt, ttfBl^£*ttffi&& 

VLiStfeikttT 3 x 10 " 3 ' RMi&tt? 2.6 x io - \ 

aaaS#*«EEa^l3Wl4#i.WAl Wffl^tbzlfBz2, pit 

20 -Jg 8 ^Jfjf t w , ■Bfc$ft4 t ##**##^Xf^airw^«:«flt* 

%^195 .E^JS^^ 1200nm, S 25 TC 5f ^mSTatT 

25 ft*. #p°oB4, B9, B14, B18 Si B21 ^flJtfi&T*^ Ah A2 , 
A3 , A4 ffl A5 . 



M 2 





An 


W(nm) 


Pk(mW) 


Bl 


0.0023 


5.5 


no 


B2 


0.0023 


5.1 


150 


B3 


0.0023 


4.7 


180 


B4 


0.0023 


4.5 


200 


B5 


0.0025 


6.0 


90 


B6 


0.0025 


5.4 


95 


B7 


0.0025 


5.0 


120 


B8 


0.0025 


4.8 


150 . 


B9 


0.0025 


4.5 


170 


BIO 


0.0025 


4.2 


200 


Bll 


0.0030 


5.7 


80 


B12 


0.0030 


5.3 


85 


B13 


0.0030 


4.9 


90 


B14 


0.0030 


4.5 


100 


B15 


0.0030 


4.3 


120 


B16 


0.0038 


5.3 


55 


B17 


0.0038 


4.9 


60 


B18 


0.0038 


4.5 


60 


B19 


0.0050 


5.5 


45 


B20 


0.0050 


4.9 


45 


B21 


0.0050 


4.5 


50 



m 3 %mm% 2 bi - bh ^^mm^mn^^ 
msm^, ^itM^mtiW?^^ loomw, >&mmnm& 



%&&*ytW} Pk ^/h^ i50mw , JM#gi3fi*Mi£:i:& M 

IJ&L^T^ ( Al ) 

W= 1.6 x 10 3 x An [|im] + 9.3 [jim] (Al) 
l;^M ^T^ ( A2 ) 

W=1.5* 10 3 x An [\im] + 8.55[|im] (A2) 

$rit*#fog!£ft&#. ^«*f»«tf[*ff^/hT 2 - io - 3 . 

fcWMW, ^JSW*^/^ 3.0|im. JMfrftift. * 

&*mmftmmm%ixmi®^=? 1000 w 

^ 3.0^m . 

lOOmW , 3J*njfc£#&& W 5|W$Mrlt*«ttAn W»£T^I**: 
An>2 x 10 " 3 , 

W < 1.6 x 10 3 x An [|ira] + 9.3[|im], 
W> 3.0 [^m] 

%mm*mmmft®M-xytm&^ pk lsomw , m± 

W<-1.5 x 10 3 x An [jim] + 8.55|>m] 

mm 13 imi%*m%tm*mm&mwwMmmm, 

ffMSlI 6 , <B^RTWJE* Al q Ga M As #J§-5 AlpGa^As Mil 

Al q Ga^As (q>0)^^6^»-?^^ilffl^^^^M 6 . 

TffilS 4 5FP 5 m0JM^^^-«^^ AlGaAs 



4ffl4+ i «n3aiGA8WJKl±^^0.5Mm»Se^«fnSlGAs 
m^M2, 0.1 ix mJPSe^jfenSl.Al i Ga 1 . 1 AsaU+^3^S2.2 u ml? 
Se^Al x Ga 1 . x As»M4, g*«lx>s>0. ft#£BJ£**l*, s-0.18, 
x=0.45 . 

* n 4 ±flctfcM 200A mm&M AlvGaj.vAs ft&^JI 5 , 

ffip 6 m& 200A AIwGhlwAs ftSfc-tJI 7 , 

l>x>v. + , v=0.35. ®i±^#it^80Ai¥* Al q G ai . q As^ 

jM*-?I&JI 6a ft 80A Al p G ai . p As »^ttfifi*"6b , «llft#*Jg 
6. v>p>q>0,w>p>q>0. £«tffifcl + , q-O.ll.p-0.3 . jfttfh 

yl>w, y2>w. ft^M^I 1 } 3 . w=0.35 . 

^&#B7±^t^m]¥Zn^^pMAl yl Ga 1 . yl As^. ft£ 

yl-0.45. 

Sftft 200A J¥&$ Zn P IS Al„Ga,. u As ^WltM 9 , 1.8ym & 

Zn fc&W p S! Al y2 G ai . y2 As «JI 10 12*21 0.7^im Zn ^» p 

SGAsJfcJlll. pfflH4Jl!lia'±S9WSE**W l im. 3E£ W^rni 
fi£%«E»S«J^P«im SI> l^u>yl, l>u>y2 . ft«M*, 
u=0.7,y2=0.45. P IMMI9, pif I lO^pltl H MT 

IM*#^#12. 

ftplil8if^M0.3 n mff*^jfettAl,,Gai^iAs%i«[aS 
M 13 , 0.2 n m m Se n St Al z2 G ai . z2 As fejfitlfigJI 14 0.3 

U m j? Se n 39 GAs 15 . JAWM£#^# 12 W 

^ l>zl>yl, l>zl>y2, l>z2>yl, I>z2>y2 . 

J¥ Zn p U GAs gMJI 16 . 

ft p g&MJl 16 ±%J%& Cr/Au IIM P ftlfeft 17 , ft n 1- 
iftT^ILtffll Cr/Sn/Au ffljfiW N flBfcft 18 . 
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S'fc w ) WffilfiiH %*J»e^^*%**e«) liSSi 13 fn 14 ^ 

E±a#tt. 13 m 14 «Txt«3t^saw«aww 

MI#liI^I 13 m 14 # £ ft Al zl « z2 , p ia« 

£th?&¥*k, mtfcyKW-lfMWW-ltMmmE* cod 

w«faM±^aiR±sit** 12 % » 95%ft&i«, aettfc£ftfc* 6oo 

Jim, £25T:5F£ffl*TfflW*. 



» 3 





t 

(jim) 


Al ft 
zl=z2 


An 


w 

(fim) 


mm 




Pk 
(mW) 


COD 

(mW) 


(|im) 


CI 


0.25 


0.52 


0.0020 


4.5 


o 


5.6 


115 


190 


35 


C2 


0.23 


0.52 


0.0024 


4.8 


o 


5.6 


95 


175 


9 


C3 


0.23 


0.52 


0.0024 


4.0 


o 


5.5 


120 


180 


7 


C4 


0.23 


0.52 


0.0024 


3.2 


o 


5.9 


145 


185 


7 


C5 


0.22 


0.57 


0.0028 


5.0 


o 


5.6 


70 


200 


8 


C6 


0.22 


0.57 


0.0028 


4.3 


o 


6.0 


100 


185 


6 


C7 


0.22 


0.57 


0.0028 


3.5 


o 


6.5 


110 


180 


5 


C8 


0.22 


0.57 


0.0028 


3.2 


o 


7.0 


120 


150 


5 


C9 


0.21 


0.57 


0.0031 


4.6 


o 


6.1 


70 


180 


7 


CIO 


0.21 


0.57 


0.0031 


3.8 


o 


7.0 


100 


170 I 5 
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t 

(Hm) 


Al 6<J 
zl=z2 


An 


W 
(\xm) 






Pk 
(mW) 


CPD 
(mW) 


(nm) 


Cll 


0.21 


0.57 


0.0031 


3.3 


0 


7.2 


110 


150 


4 


C12 


0.21 


0.57 


0.0031 


2.8 


0 


7.6 


110 


140 


5 


C13 


0.21 


0.57 


0.0031 


2.5 


o 


7.8 


100 


100 


4 


C14 


0.21 


0.57 


0.0031 


2.0 


0 


8.1 


50 


50 


3 


C15 


0.20 


0.52 


0.0033 


4.5 


o 


6.7 


60 


180 


7 


C16 


0.20 


0.52 


0.0033 


3.6 


0 


7.4 


95 


160 


7 


C17 


0.20 


0.52 


0.0033 


3.2 


0 


7.5 


115 


150 


4 


C18 


0.19 


0.57 


0.0035 


4.6 


o 


7.1 


50 


175 


6 


C19 


0.17 


0.57 


0.0040 


4.0 




4.6 


0 


140 




C20 


0.15 


0.57 


0.0045 


4.0 




4.2 


0 


150 





m6 &jfcff#*flt*gAn > w^a**«ti^i««s:3tBt^»w*^ 

S6^BJ, ^{^ft^lii±5^^I > k^/h^70mW, i&8fa£#»£* 
A J5 x ±(U RA ift^ll W J3##3rl**«HftAn , M 

ftft****!^* Pk ^/J^ 100mW , Jilfl#2Sfa£#flt£*^:t^ B ^ 

ticTK c > E # RC w ^^«Sc«f l*¥^»An , M 

^k^fcattafc**^ 7°, jWj^«#^^^^ir^DT® ( £ 

D ) K# RD W J^WMWllAn . 

S&AE&TjS ( Bl ) ^ 

W = -1.33 x 10 3 [jim] *An + 8.723 [jim] (Bl) 

i^BiT^ ( B2 ) m^- 

W = -1.33 x 10 3 [jim] x An + 7.923 [jim] (B2) 
J^X&T^ ( B3 ) 

W = 2.5 [jim] ( B3 ) 

S^c ^T^; ( B4 ) 



W = 2.25 x 10 3 [urn] x An - 2.8 [|im] (B4) 
t^DiW ( B5 ) 

W = 2.25 x io 3 [jim] *An - 3.175 [jun] (B5) 

S 7 *iR±iE* 3 + 5f n C9 - C14 #n H n COD JgfcK W 

m 7 3 Pit W /j^ 2.5^m B*. COD *f lOOmW , 

H8**±J**3+ffWtti»*^*Cl, C2, C5, C9*flC18^ 

>A® 8^j^3 prm S^ttWItMmAii/hT 2.4 >< 10 tf, * 

7. m^^Mmm^nm^A^ 2.4 * 10- 3 . 

«3 0f^, SW.««f»#*«Anjefit3.5 x 10" tt. Wit* 
An ft*?** 2.4 * 10 " 3 , fl^T3.5x io" 3 . 

♦ ■Pk^/h^f 70mW, 7jc^^fc^e H ^/J^6.5 o . 0rl3l4*iM + . 

W ffl^WW^ltAn , ft^fE* RA J=jfc8 
RCffiSSS&W^K*. M««f»*S«An ^7^2.4 * 10 " 3 , ft 
^^3.5 x 10 " 3 " 

2.4 x 10 3 < An < 3.5 * 10 " 3 , 
W <-1.33 x 10 3 [\im] xAn + 8.723 [^im] 
W<2.25 x io 3 |>m] * An - 2.8 [\im] 
W> 2.5 [jim] 

^ffift^Hiti^Pk^/J^ lOOmW, 6*7±&2:3*K *&SH 
W<-1.33 x 10 3 [|im] x An + 7.923 [^m] 
W<2.25 x io 3 [urn] x An - 3.175 [|am] 

^flS^c^lHj^^Pk^/J^ loomW, 5.7£¥ft5&£tfcfce H */h 



2.4 x 10 3 <An<3.5 * 10 " 3 
W>2.5 [jim] 

W<1.33 * 10 3 [jim] x An - 0.323 [jim] 
W< 2.25 x 10 3 [\im] x An- 3.175 [\im] 

&±&mr.gmm*> Ai q G ai . q As m^m^ Ai P G ai . p As 

Al q G aH As(q>0)«^*^iI. 80s Al q G ai . q As(q^O) 

&±&&-fl&-£ffifc! + , AlGaAs »S 4, 8fP10#liWAl 
#; 13 5FP 14 # g «J Al «ffl#fcfc zl ^ z2 AlGaAs »JI 

8 *q io#sw ai a^tkyi w.y2. t:ffm^®^%^^^^^ pffi:f 

R«flBI«ti»g^«*%*»S-B-ffi3L^j£. tt&£*S^fcfc AlGaAs 
flsffi io#fUW Al M#fcyl fty2* 0 • 02 • 
£M, ^ilEBJ, ^ AlGaAs M Al Wa^fcfc^T 0.6, pHJggi«!H£ 

M 13 fP 14 & g (ft Al ft)£#fcfc zl z2 M^^f 0.6 . 

£±&»-fl#-£Jfitt*. Mini AlGaAs feffilfig/I 14 

fn^^^^MM 13 to ai M^Htffi^ fMIMWt^NW ai 

. ttffl^Hs. itk^K ^wm%m*nuRm^mm 13 *q h +ra 
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(57) A semiconductor laser device comprises a 
cladding layer of a first conductivity type, an active layer, 
a cladding layer of a second conductivity type, and a 
current blocking layer having a stripe-shaped opening 
having a predetermined width Wfor restricting a current 
path and forming the current path, and having a larger 
band gap than that of the cladding layer of the second 
conductivity type and having a smaller refractive index 
than that of the cladding layer of the second conductivity 
type. A difference An between a real refractive index in 
a region, which corresponds to the opening, in the active 
layer and a real refractive index in a region, which cor- 
responds to both sides of the opening, in the active layer 
and the width W [u.m] of the opening are so set as to 
satisfy a predetermined relationship. The difference An 
between the real refractive indexes is set by selecting 
the Al composition ratio of the current blocking layer and 
the thickness of the cladding layer of the second con- 
ductivity type on the both sides of the opening. 
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Description 

The present invention relates to a semiconductor laser device and a method of designing the same. 
In recent years, semiconductor laser devices operable at a low operating current have been actively studied and 
s developed. IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL.1 , NO.2, PP. 102-109, 1 995 
has reported that in a real refractive index guided semiconductor laser employing a transparent current blocking layer, 
its operating current can be reduced. 

In such a real refractive index guided semiconductor laser device, it is considered that a transverse mode is sta- 
bilized when a real refractive index difference is large to some extent. For example, in the above-mentioned document, 
10 the real refractive index difference is approximately 5 x 10 -3 . 

In the above-mentioned real refractive index guided semiconductor laser device employing a transparent current 
blocking layer, however, it is difficult to make light output power higher in fundamental transverse mode lasing. 

Furthermore, in the above-mentioned real refractive index guided semiconductor laser device, the loss inside of 
a cavity can be decreased, whereby high light output power is possible. When the semiconductor laser device is used 
15 in an optical pickup as a light source for a rewritable optical disc such as a magneto-optical disc or a phase change 
disc, however, realization of higher light output power of the semiconductor laser davice is required. In addition, when 
writing at more than fourfold speed, it is desired that with respect to the output power of the laser device, maximum 
light output power is not less than 70 mW in fundamental transverse mode lasing, and a horizontal beam divergence 
9 H in the horizontal direction is not less than 6.5° in order to reduce noise characteristics or the like in a case where 
20 the semiconductor device is carried by the optical pickup. 

An object of the present invention is to provide a semiconductor laser device capable of obtaining high light output 
power in fundamental transverse mode lasing and a method of designing the same. 

Another object of the present invention is to provide a semiconductor laser device capable of increasing maximum 
light output power in fundamental transverse mode lasing and increasing a horizontal beam divergence 6 H in the hor- 
25 izontal direction and a method of designing the same. 

A semiconductor laser device according to the present invention comprises a cladding layer of a first conductivity 
type, an active layer, a cladding layer of a second conductivity type, and a current blocking layer having a stripe-shaped 
opening of a predetermined width for restricting a current path and forming the current path, and having a larger band 
gap than that of the cladding layer of the second conductivity type and having a lower refractive index than that of the 
30 cladding layer of the second conductivity type in this order, the cladding layer of the second conductivity type having 
a flat portion and a stripe-shaped ridge portion on the flat portion, the ridge portion being positioned in the opening of 
the current blocking layer, the current blocking layer being so formed as to cover the upper surface of the flat portion 
and the side surface of the ridge portion, and a difference An between a real refractive index in a region, which corre- 
sponds to the opening, in the active layer (that is, a region, which faces the opening, in a light emitting region or/and 
3S a region, which includes the opening, in the light emitting region) and a real refractive index in a region, which corre- 
sponds to both sides of the opening, in the active layer (that is, a region, which faces to both sides of the opening, in 
the light emitting region or/and a region, which includes both sides of the opening, in the light emitting region) and the 
width W [um] of the opening satisfying the following relationship: 

40 3 
An > 2x10 , 



W<-1.6x10 3 xAn + 9.3, 

45 

and 



W > 3.0 

so 

In this case, a so-called ridge wave guided semiconductor laser device is provided. The width of the ridge portion 
at a distance away from the active layer may decrease as the distance increases. 

In the semiconductor laser device, high light output power can be obtained at a low operating current and in fun- 
damental transverse mode lasing. For example, it is possible to obtain light output power of not less than 100 mW. 
55 Since the difference An between the real refractive indexes is not less than 2 x 1 0" 3 , a real refractive index guided 

structure is kept good. Since the width W of the opening is not less than 3.0 um, high reliability is obtained. 

It is more preferable that the difference An between the real refractive indexes and the width W of the opening 
satisfy the following relationship: 
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W<-1.5x10 3 xAn + 8.55 

In this case, light output power of not less than 150 mW is obtained in fundamental transverse mode lasing. 

The cladding layer of the first conductivity type may be composed of A^Ga^As, the active layer may be composed 
of Al q Ga.,. q As (1 > x > q > 0), the cladding layer of the second conductivity type may be composed of Al y Ga-,. y As (y > 
q), and the current blocking layer may be composed of A^Ga^As. 

In this case, high light output power is obtained at a low operating current and in fundamental transverse mode 
lasing. For example, it is possible to obtain light output power of not less than 1 00 mW in fundamental transverse mode 
lasing. 

The difference An between the real refractive indexes may be set by selecting the Al composition ratio z of the 
current blocking layer and the thickness of the cladding layer of the second conductivity type on the both sides of the 
opening. 

It is preferable that the Al composition ratio x of the cladding layer of the first conductivity type and the Al composition 
ratio y of the cladding layer of the second conductivity type are not less than 0.4 nor more than 0.6. 

It is preferable that the Al composition ratio z of the current blocking layer is higher than the Al composition ratio 
y of the cladding layer of the second conductivity type. It is more preferable that the difference between the Al compo- 
sition ratio z of the current blocking layer and the Al composition ratio y of the cladding layer of the second conductivity 
type is not less than 0.02. In this case, it is possible to easily realize a good difference between the real refractive 
indexes. 

It is preferable that the Al composition ratio z of the current blocking layer is not more than 0.6. Consequently, the 
crystallinity of the current blocking layer is increased, whereby the crystallinity of a layer formed on the current blocking 
layer is also increased. As a result, it is possible to provide a semiconductor laser device with high reliability. 

It is preferable that the current blocking layer comprises at least a layer of the first conductivity type. In this case,, 
the layer of the first conductivity type in the current blocking layer and the cladding layer of the second conductivity 
type are of opposite conductivity types, whereby sufficient current blocking is possible. The current blocking layer may 
be constituted by only the layer of the first conductivity type. 

The current blocking layer may comprise a first layer formed on the active layer and a second layer formed on the 
first layer, the second layer may be of the first conductivity type, and the first layer may have a lower impurity concen- 
tration than that of the second layer. In this case, impurities can be prevented from being diffused into the active layer 
from the current blocking layer. Particularly, it is preferable that the first layer is an undoped layer. 

When the current blocking layer is constituted by the layer of the first conductivity type, the impurity concentration 
of the current blocking layer at a distance away from the active layer may decrease as the distance decreases. 

Another layer having a thickness of not more than 300 A such as an etching stop layer may exist in the cladding 
layer of the second conductivity type because the difference between the real refractive indexes is hardly affected. 

Furthermore, a current blocking layer of the first conductivity type absorbing lasing light may be provided on the 
current blocking layer. 

It is preferable that the cladding layer of the first conductivity type is formed on a semiconductor substrate of the 
first conductivity type. In the AIGaAs system semiconductor laser device, it is preferable to use a GaAs substrate. 

The active layer may have a single quantum well structure composed of a single quantum well layer, may have a 
multi quantum well structure constructed by alternately stacking quantum well layers and barrier layers, or may be a 
single layer having no quantum effect. 

The multi quantum well structure of the AIGaAs system semiconductor laser device may comprise quantum well 
layers composed of Al q Ga.,. q As (1 > x > q > 0, 1 > y > q > 0) and barrier layers composed of ALGa 1 As (x > p > q, y 
>p>q). 

It is preferable that the semiconductor laser device achieves light output power of not less than 100 mW in funda- 
mental transverse mode lasing. It is more preferable that the semiconductor laser device achieves light output power 
of not less than 1 50 mW in fundamental transverse mode lasing. 

A method of designing a semiconductor laser device according to another aspect of the present invention is a 
method of designing a semiconductor laser device comprising a cladding layer of a first conductivity type composed 
of A^Ga^As, an active layer composed of Al q Ga.,. q As (1 > x > q > 0), a cladding layer of a second conductivity type 
composed of Al y Ga-,_ y As (y > q), and a current blocking layer having a stripe-shaped opening of a predetermined width 
for restricting a current path and forming the current path and composed of Ai z Ga Vz AS (1 > z > y) in this order, which 
comprises the steps of setting a difference An between a real refractive index in a region, which corresponds to the 
opening, in the active layer and a real refractive index in a region, which corresponds to both sides of the opening, in 
the active layer and the width W of the opening in order that predetermined light output power is obtained in fundamental 
transverse mode lasing, and selecting the Al composition ratio z of the current blocking layer and the thickness of the 
cladding layer of the second conductivity type on the both sides of the opening in order that the difference An between 
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the real refractive indexes is obtained. 

Consequently, a semiconductor laser device achieving high light output power at a low operating current and in 
fundamental transverse mode lasing is obtained. 

It is preferable that the setting step comprises the step of setting the difference An between the real refractive 
s indexes and the width W [urn] of the opening in order to satisfy the following relationships: 

An>2x10" 3 , 

10 and 



W<-1.6x10 3 xAn + 9.3 

is Consequently, a semiconductor laser device achieving light output power of not less than 100 mW in fundamental 

, transverse mode lasing is obtained. 

It is more preferable that the setting step comprises the step of setting the difference An between the real refractive 
indexes and the width W [urn] of the opening in order to satisfy the following relationship: 

W<-1.5x10 xAn + 8.55 

Consequently, a semiconductor laser device achieving light output power of not less than 1 50 mW in fundamental 
transverse mode lasing is obtained. 
25 It is preferable that the setting step comprises the step of setting the width W of the opening to not less than 3.0 

u.m. Consequently, a semiconductor laser device with high reliability is obtained. 

The cladding layer of the second conductivity type may comprise a flat portion and a stripe-shaped ridge portion 
on the flat portion, the ridge portion may be positioned in the opening of the current blocking layer, and the current 
blocking layer may be so formed as to cover the upper surface of the flat portion and the side surface of the ridge 
30 portion. In this case, a so-called ridge wave guided semiconductor laser device is provided. The width of the ridge 
portion at a distance away from the active layer may decrease as the distance increases. 

A semiconductor laser device according to still another aspect of the present invention comprises a cladding layer 
of a first conductivity type, an active layer, a cladding layer of a second conductivity type, and a current blocking layer 
having a stripe-shaped opening of a predetermined width for restricting a current path and forming the current path, 
35 and having a larger band gap than that of the cladding layer of the second conductivity type and having a smaller 
refractive index than that of the cladding layer of the second conductivity type in this order, the cladding layer of the 
second conductivity type having a flat portion and a stripe-shaped ridge portion on the flat portion, the ridge portion 
being positioned in the opening of the current blocking layer, the current blocking layer being so formed as to cover 
the upper surface of the flat portion and the side surface of the ridge portion, and a difference An between a real 
40 refractive index in a region, which corresponds to the opening, in the active layer and a real refractive index in a region, 
which corresponds to both sides of the opening, in the active layer and the width W [urn] of the opening satisfying the 
following relationships: 

45 2.4x 10" 3 <An<3.5x10" 3 , 



W > 2.5, 

50 3 

W<- 1.33x10 3 x An +8.723, 

and 



W<2.25x10 3 xAn-2.8 

In this case, a so-called ridge wave guided semiconductor laser device is provided. The width of the ridge portion 
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at a distance away from the active layer may decrease as the distance increases. 

In the semiconductor laser device according to the present invention, high maximum light output power and a large 
horizontal beam divergence can be obtained in fundamental transverse mode lasing. It is possible to increase the 
maximum light output power to not less than 70 mW, for example, in fundamental transverse mode lasing as well as 
$ to increase the horizontal beam divergence to not less than 6.5° , for example. 

It is more preferable that the difference An between the real refractive indexes and the width W [u.m] of the opening 
satisfy the following relationship: 

10 W<-1.33x10 3 xAn + 7.923 

In this case, maximum light output power of not less than 100 mW is achieved in fundamental transverse mode 
lasing. 

It is more preferable that the difference An between the real refractive indexes and the width W [u.m] of the opening 
is satisfy the following relationship: 

W <; 2.25 x10 3 x An -3.175 

20 in this case, it is possible to increase the horizontal beam divergence to not less than 7° . 

The cladding layer of the first conductivity type may be composed of A^Ga^As, the active layer may be composed 
of AlqGa^qAs (1 > x > q > 0), the cladding layer of the second conductivity type may be composed of Al y Ga.,. y As (y > 
q), and the current blocking layer may be composed of AI 2 Ga.|_ z As. 

In this case, maximum light output power of not less than 70 mW can be obtained in fundamental transverse mode 
25. lasing, and the horizontal beam divergence can be not less than 6.5°. 

The difference An between the real refractive indexes may be set by selecting the Al composition ratio z of the 
current blocking layer and the thickness of the cladding layer of the second conductivity type on the both sides of the 
opening. 

It is preferable that the Al composition ratio x of the cladding layer of the first conductivity type and the Al composition 
30 ratio y of the cladding layer of the second conductivity type are not less than 0.4 nor more than 0.6. 

It is preferable that the Al composition ratio z of the current blocking layer is higher than the Al composition ratio 
y of the cladding layer of the second conductivity type. It is more preferable that a difference between the Al composition 
ratio z of the current blocking layer and the Al composition ratio y of the cladding layer of the second conductivity type 
is not less than 0.02. In this case, it is possible to easily realize a good difference between the real refractive indexes. 
35 It is preferable that the Al composition ratio z of the current blocking layer is not more than 0.6. Consequently, the 

crystallinity of the current blocking layer is increased, whereby the crystailinity of a layerformed on the current blocking 
layer is also increased. As a result, it is possible to provide a semiconductor laser device with high reliability. 

It is preferable that the current blocking layer comprises at least a layer of the first conductivity type. In this case, 
the layer of the first conductivity type in the current blocking layer and the cladding layer of the second conductivity 
40 type are of opposite conductivity types, whereby sufficient current blocking is possible. The current blocking layer may 
be constituted by only the layer of the first conductivity type. 

The current blocking layer may comprise a first layer formed on the active layer and a second layer formed on the 
first layer, the second layer may be of the first conductivity type, and the first layer may have a lower impurity concen- 
tration than that of the second layer. In this case, impurities can be prevented from being diffused into the active layer 
4B from the current blocking layer. Particularly, it is preferable that the first layer is an undoped layer. 

When the current blocking layer is constituted by the layer of the first conductivity type, the impurity concentration 
of the current blocking layer at a distance away from the active layer may decrease as the distance decreases. 

Another layer having a thickness of not more than 300 A such as an etching stop layer may exist in the cladding 
layer of the second conductivity type because the difference between the real refractive indexes is hardly affected. 
so Furthermore, a current blocking layer of the first conductivity type absorbing lasing light may be provided on the 

current blocking layer. 

It is preferable that the cladding layer of the first conductivity type is formed on a semiconductor substrate of the 
first conductivity type. In the AIGaAs system semiconductor laser device, it is preferable to use a GaAs substrate. 

The active layer may have a single quantum well structure composed of a single quantum well layer, may have a 
55 multi quantum well structure constructed by alternately stacking quantum well layers and barrier layers, or may be a 
single layer having no quantum effect. 

The mufti quantum well structure of the AIGaAs system semiconductor laser device may comprise quantum well 
layers composed of Al q Ga.,_ q As (1 > x > q > 0, 1 > y > q > 0) and barrier layers composed of Al p Ga-,_ p As (x > p > q, y 
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> p > q). 

It is preferable that the semiconductor laser device achieves maximum light output power of not less than 70 mW 
in fundamental transverse mode lasing. It is more preferable that the semiconductor laser device achieves maximum 
light output power of not less than 100 mW in fundamental transverse mode lasing. On the other hand, it is preferable 
that the semiconductor laser device achieves a horizontal beam divergence of not less than 6.5°. It is more preferable 
that the semiconductor laser device achieves a horizontal beam divergence of not less than 7°. 

As a beam approximates to a complete round, optical setting in an optical pickup can be facilitated. Since a vertical 
beam divergence is larger than the horizontal beam divergence, for example, approximately 15 to 30°, the horizontal 
beam divergence may be large to the same extent as the vertical beam divergence. 

Additionally, as the cavity length decreases, the horizontal beam divergence can be made slightly larger. On the 
other hand, if the cavity length is less than approximately 300 u.m, the level of COD (catastrophic optical damage) 
decreases. Consequently, it is preferable that the cavity length is in the range of not less than 300 |im nor more than 
600 |im. 

A method of designing a semiconductor laser device according to a further aspect of the present invention is a 
method of designing a semiconductor laser device comprising a cladding layer of a first conductivity type composed 
of Ai x Ga-|. x As, an active layer composed of A^Ga^As (1 > x > q > 0), a cladding layer of a second conductivity type 
composed of Al y Ga.,. y As (y > q), and a current blocking layer having a stripe-shaped opening of a predetermined width 
for restricting a current path and forming the current path and composed of A^Ga^As (1 > z > y) in this order, which 
comprises the steps of setting a difference An between a real refractive index in a region, which corresponds to the 
opening, in the active layer and a real refractive index in a region, which corresponds to both sides of the opening, in 
the active layer and the width W of the opening in order that predetermined maximum light output power and a prede- 
termined horizontal beam divergence are obtained in fundamental transverse mode lasing, and selecting the Al com- 
position ratio z of the current blocking layer and the thickness of the cladding layer of the second conductivity type on 
the both sides of the opening in order that the difference An between the real refractive indexes is obtained. 

Consequently, a semiconductor laser achieving high maximum light output power in fundamental transverse mode 
lasing and a large horizontal beam divergence is obtained. 

It is preferable that the setting step comprises the step of setting the difference An between the real refractive 
indexes and the width W [urn] of the opening in order to satisfy the following relationships: 

2.4x10' 3 < An < 3.5x1 0' 3 , 



W>2.5, 



W<- 1.33x10 3 x An +8.723, 

and 

W<2.25x10 3 xAn-2.8 

Consequently, a semiconductor laser device achieving maximum light output power of not less than 70 mW in funda- 
mental transverse mode lasing and a horizontal beam divergence of not less than 6.5° is obtained. 

It is more preferable that the setting step comprises the step of setting the difference An between the real refractive 
indexes and the width W [u.m] of the opening in order to satisfy the following relationship: 

W<-1.33x10 3 xAn + 7.923 

In this case, a semiconductor laser device achieving maximum light output power of not less than 100 mW in 
fundamental transverse mode lasing is obtained. 

It is preferable that the setting step comprises the step of setting the difference An between the real refractive 
indexes and the width W [urn] of the opening in order to satisfy the following relationship: 



W < 2.25 x10x An -3.175 
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In this case, a semiconductor laser device achieving a horizontal beam divergence of not less than 7° is obtained. 

The cladding layer of the second conductivity type may comprise a flat portion and a stripe-shaped ridge portion 
on the flat portion. The ridge portion may be positioned in the opening of the current blocking layer, and the current 
blocking layer may be so formed as to cover the upper surface of the flat portion and the side surface of the ridge 
5 portion. In this case, a so-called ridge wave guided semiconductor laser device is provided. The width of the ridge 
portion at a distance away from the active layer may decrease as the distance increases. 

The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

Fig. 1 is a schematic cross-sectional view of a semiconductor laser device according to a first embodiment of the 
present invention; 

Fig. 2 is a diagram showing the relationship between a real refractive index difference An and maximum light output 
power Pk obtained when fundamental transverse mode lasing is possible in the semiconductor laser device shown 
1 £ in Fig. 1; 

Fig. 3 is a diagram showing the relationship among a real refractive index difference An, maximum light output 
power Pk obtained when fundamental transverse mode lasing is possible, and a stripe width W in the semiconductor 
laser device shown in Fig. 1 ; 

Fig. 4 is a schematic cross-sectional view of a semiconductor laser device according to a second embodiment of 
20 the present invention; 

Fig. 5 is a diagram showing a schematic band structure in an active layer and the vicinity thereof in the semicon- 
ductor laser device shown in Fig. 4; 

Fig. 6 is a diagram showing the relationship among a real refractive index difference An, maximum light output 
power Pk obtained when fundamental transverse mode lasing is possible, a stripe width W, and a horizontal beam 
25 divergence 6 H in the semiconductor laser device shown in Fig. 4; 

Fig. 7 is a diagram showing the relationship between a stripe width W and COD (catastrophic optical damage) in 
the semiconductor laser device shown in Fig. 4; and 

Fig. 8 is a diagram showing the relationship between a real refractive index difference An and astigmatism in the 
semiconductor laser device shown in Fig. 4. 

30 

An AIGaAs system semiconductor laser device according to a first embodiment of the present invention will be 
described using Fig. 1 . 

In Fig. 1, an Se doped n-type GaAs buffer layer 2 having a thickness of 0.5 urn, an Se doped n-type Al s Ga.,. s As 
buffer layer 3 having a thickness of 0.1 urn, and an Se doped n-type Al x Ga-|. x As cladding layer 4 having a thickness 
35 of 2.3 urn are formed in this order on an n-type GaAs substrate 1 , where x > s > 0. In the present embodiment, s = 
0.18andx=0.45. 

An undoped A^Ga^As optical guide layer 5 having a thickness of 410 A, an undoped active layer 6 having a 
single quantum well structure composed of Al q Ga-,. q As having a thickness of 1 00 A, and an undoped Al w G 1 . w As optical 
guide layer 7 having a thickness of 410 A are formed in this order on the n-type cladding layer 4, where 1 > x > v, v > 
40 q > 0 and w > q > 0, and y1 > w and y2 > w. In the present embodiment, v = 0.35, q = 0.035, and w = 0.35. 

A Zn doped p-type Al y1 Ga.,. y1 As cladding layer 8 having a thickness of t urn is formed on the optical guide layer 
7. In the present embodiment, y1 = 0.45. 

A stripe-shaped Zn doped p-type Al u Ga.|_ u As etching stop layer 9 having a thickness of 200 A extending in the 
vertical direction (in the direction of the cavity length), a stripe-shaped Zn doped p-type Aly 2 Ga 1 . y2 As cladding layer 
45 10 having a thickness of 2 p.m. and a stripe-shaped Zn doped p-type GaAs cap layer 11 having a thickness of 0.4 urn 
are formed in this order on an approximately central part of the p-type cladding layer 8. The p-type etching stop layer 
9 has a width W urn. The width W urn becomes the width of an opening forming a current path. Here, 1 > u > y1 and 
1 > u > y2. In the present embodiment, u = 0.7 and y2 = 0.45. The p-type etching stop layer 9, the p-type cladding 
layer 10, and p-type cap layer 11 constitute a stripe-shaped ridge portion 12. 
so An undoped AI^Ga,.^ As current blocking layer 1 3 having a thickness of 0.3 urn, an Se doped n-type AI^Ga^As 

current blocking layer 1 4 having a thickness of 0.2 urn, and an Se doped n-type GaAs current blocking layer 1 5 having 
a thickness of 0.3 urn are formed in this order on the p-type cladding layer 8 so as to cover the side surface of the ridge 
portion 12, where 1 >z1 >y1, 1 >z1 > y2, 1 >z2>y1,and1 >z2>y2. 

A Zn doped p-type GaAs contact layer 16 having a thickness of 6 u.m is formed on the upper surface of the p-type 
55 cap layer 11, the end surface of the undoped current blocking layer 13, the end surface of the n-type current blocking 
layer 14, and the upper surface and the end surface of the n-type current blocking layer 15. 

A p-side electrode 1 7 composed of Cr/Au is formed on the p-type contact layer 1 6, and an n-side electrode 1 8 
composed of Cr/Sn/Au is formed on the lower surface of the n-type substrate 1 . 
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Description is now made of one example of a method of fabricating the above-mentioned semiconductor laser 
device. 

First, the n-type GaAs buffer layer 2, the n-type AIGaAs buffer layer 3, the n-type AIGaAs cladding layer 4, the 
undoped AIGaAs optical guide layer 5, the undoped active layer 6, the undoped AIGaAs optical guide layer 7, the p- 
type AIGaAs cladding layer (a flat portion) 8, the p-type AIGaAs or AlAs etching stop layer 9, the p-type cladding layer 
(corresponding to a ridge portion formed later) 10, and the p-type GaAs cap layer 11 are continuously grown on the n- 
type GaAs substrate 1 by the vapor phase epitaxy (VPE) method such as the metal organic chemical vapor deposition 
(MOCVD) method or the molecular beam epitaxy (MBE) method. The p-type cap layer 11 is a protective layer for 
preventing the impossibility of crystal growth on the p-type cladding layer 10 by exposure and oxidation of the p-type 
cladding layer 1 0 in the fabrication processes. 

A stripe-shaped Si0 2 film is then formed on the p-type GaAs cap layer 1 1 , and the layers under the p-type etching 
stop layer 9 are selectively etched away using the Si0 2 film as a mask, after which the etching stop layer 9 is also 
etched away with the Si0 2 film used as the mask, to form the ridge portion 12. Since the etching stop layer 9 has a 
high Al composition ratio, it is difficult to grow a crystal having good crystallinity on the etching stop layer 9 after the 
etching step. Therefore, the etching stop layer 9 is removed in the present embodiment. 

The current blocking layers 1 3, 1 4, and 1 5 are then cont in uously grown in this order by the above-mentioned vapor 
phase epitaxy method on the cladding layer 8 so as to cover the side surface of the ridge portion 12, to expose the 
upper surface of the cap layer 1 1 . Thereafter, the p-type GaAs contact layer 1 6 is grown by the above-mentioned vapor 
phase epitaxy method on the upper surfaces of the current blocking layers 13, 14 and 15 and the cap layer 11 . 

In the semiconductor laser device, the current blocking layers 1 3 and 14 having a stripe-shaped opening (having 
a stripe width W) for restricting a current path as well as forming the current path have larger band gaps and smaller 
refractive indexes than those of the p-type cladding layers 8 and 10. Consequently, in a light emitting region (a region 
schematically indicated by an ellipse of a dotted line in Fig. 1), a real refractive index in a region a corresponding to 
the opening can be made larger than a real refractive index in a region b corresponding to both sides of the opening. 
Consequently, the semiconductor laser device is operable as a real refractive index guided semiconductor laser device. 
A real refractive index difference means a difference between the refractive index of light having a lasing wavelength 
sensed in the region a and the refractive index of the light sensed in the region b. 

By the above-mentioned construction, the current blocking layers 1 3 and 1 4 become transparent current blocking 
layers which are transparent to lasing light. 

The real refractive index difference in a case where the semiconductor laser device is not operated (the real re- 
fractive index in the region a corresponding to the opening minus the real refractive index in the region b corresponding 
to both sides of the opening) is changed by selecting the respective Al composition ratios z1 and Z2 of the current 
blocking layers 1 3 and 14 or the thickness t of the cladding layer 8, to measure maximum light output power in funda- 
mental transverse mode lasing. The results are shown in Fig. 2. In this case, a reflective film having an index of reflection 
of 2 % and a reflective film having an index of reflection of 95 % are respectively provided on a front facet and a rear 
facet of the semiconductor laser device, and the cavity length is set to 1200 urn, to make measurements at an ambient 
temperature of 25 °C. The respective Al composition ratios z1 and z2 of the current blocking layers 1 3 and 1 4 and the 
thickness t of the p-type cladding layer 8 at respective points shown in Fig. 2 are shown in Table 1 . The stripe widths 
of samples Nos. A1 to A5 are 4.5 urn. 



Table 1 



No. 


Al COMPOSITION RATIO z1 OF 
CURRENT BLOCKING LAYER 
13 


Al COMPOSITION RATIO z2 OF 
CURRENT BLOCKING LAYER 
14 


THICKNESS t OF p-TYPE 
CLADDING LAYER 8 (urn) 


A1 


0.53 


0.53 


0 25 


A2 


0.55 


0.55 


0.25 


A3 


0.59 


0.59 


0.25 


A4 


0.70 


0 70 


0.25 


A5 


0.70 


0.70 


0.15 



Fig. 2 shows that the maximum light output power obtained when fundamental transverse mode lasing is possible 
is not less than 1 00 mW when the real refractive index difference is not more than 3 x 1 0" 3 , not less than 1 50 mW when 
the real refractive index difference is not more than 2.6 x 1 0" 3 , and not less than 200 mW when the real refractive index 
difference is not more than 2.3 x 10" 3 . 

Additionally, a lasing threshold current of 43 mA, an operating current of 140 mA, a vertical beam divergence of 
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1 8° , and a horizontal beam divergence of 7° are obtained in the light output power of 1 00 mW when the real refractive 
index difference is not more than 3 x 10" 3 , while a lasing threshold current of 45 mA, an operating current of 1 85 mA, 
a vertical beam divergence of 18°, and a horizontal beam divergence of 7° are obtained in the light output power of 
170 mW when the real refractive index difference is not more than 2.5 x 10" 3 . 

When the real refractive index difference is not more than 2.3 x 1f> 3 , a lasing threshold current of 47 mA, an 
operating current of 235 mA, a vertical beam divergence of 1 8° , and a horizontal beam divergence of 6.5° are obtained 
in the light output power of 200 mW. 

When the real refractive index difference is thus not more than 3 x 10" 3 , high light output power is obtained at a 
low operating current in fundamental transverse mode lasing. 

Consequently, in the semiconductor laser device according to the present embodiment, the real refractive index 
difference is set to not more than 3 x 1 0" 3 and preferably not more than 2.6 x 10" 3 . 

The real refractive index difference An in a case where the semiconductor laser device is not operated (the real 
refractive index in the region a corresponding to the opening m inus the real refractive index in the region b corresponding 
to both sides of the opening) is changed by selecting the respective Al composition ratios z1 and z2 of the current 
blocking layers 13 and 14, the thickness t of the p-type cladding layer 8, and the stripe width W, to measure maximum 
light output power Pk in fundamental transverse mode lasing. The results are shown in Table 2. In this case, a reflective 
film having an index of reflection of 2 % and a reflective film having an index of reflection of 95 % are respectively 
provided on a front facet and a rear facet of the semiconductor laser device, and the cavity length is set to 1 200 u.m, 
to make measurements at an ambient temperatures of 25 °C. Samples B4, B9, B14, B18, and B21 respectively cor- 
respond to the samples Al, A2, A3, A4, and A5. 



No. 


An 


W(um) 


Pk (mW) 


B1 


0.0023 


5.5 


110 


B2 


0.0023 


5.1 


150 


B3 


0.0023 


4.7 


180 


B4 


0.0023 


4.5 


200 


B5 


0.0025 


6.0 


90 


B6 


0.0025 


5.4 


95 


B7 


0.0025 


5.0 


120 


B8 


0.0025 


4.8 


150 


B9 


0.0025 


4.5 


170 


B10 


0.0025 


4.2 


200 


B11 


0.0030 


5.7 


80 


B12 


0.0030 


5.3 


85 


B13 


0.0030 


4.9 


90 


B14 


0.0030 


4.5 


100 


B15 


0.0030 


4.3 


120 


B16 


0.0038 


5.3 


55 J 


B17 


0.0038 


4.9 


60 


B18 


0.0038 


4.5 


60 


B19 


0.0050 


5.5 


45 


B20 


0.0050 


4.9 


45 


B21 


0.0050 


4.5 


50 



Fig. 3 shows the relationship among the real refractive index difference An, the maximum light output power Pk 
obtained when fundamental transverse mode lasing is possible, and the stripe width W which are obtained using the 
samples Nos. B1 to B21 in the Table 1. Fundamental transverse mode lasing is obtained in all the samples B1 to B21 . 
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Fig. 3 shows that the stripe width W and the real refractive index difference An which satisfy a region below a 
straight line L, including the straight line L must be selected in order that the maximum light output power Pk is not 
less than 100 mW, and the stripe width W and the real refractive index difference An which satisfy a region below a 
straight line M, including the straight line M must be selected in order that the maximum light output power Pk is not 
less than 150 mW. 

The straight line L is represented by the following equation (A1 ) : 

W=-1.6x10 3 xAn[u,m] + 9.3[u.m] (A1) 

The straight line M is represented by the following equation (A2) : 

W = - 1 .5 x 1 0 3 x An [u.m] + 8.55 [urn] (A2) 

In the semiconductor laser device, the substantial real refractive index in the region a is decreased by approximately 
10 -3 upon injection of carriers into the region a when the semiconductor laser device is operated. Therefore, it is pref- 
erable that the real refractive index difference is not less than 2 x 10 -3 in order to keep a real refractive index guided 
structure good. 

Particularly, it is preferable that the stripe width W is not less than 3.0 u.m in terms of reliability. Specifically, it is 
preferable that the stripe width W is not less than 3.0 um in order that the semiconductor laser device stably operates 
for not less than 1000 hours. 

From the foregoing, the stripe width W and the real refractive index difference An are so selected as to satisfy the 
following relationships in order that the maximum light output power Pk is not less than 100 mW in fundamental trans- 
verse mode lasing: 



W < - 1 .6 x 10 [urn] x An + 9.3 [jam] 



It is more preferable that the following relationship is satisfied in addition to the foregoing relationships in order 
that the maximum light output power Pk is not less than 150 mW in fundamental transverse mode lasing: 

W < - 1 .5 x 1 0 3 [u.m] x An + 8.55 [fxm] 

A current blocking layer having a large band gap (having a high Al composition ratio) is relatively inferior in crys- 
tallinity. As a result, impurities may be diffused into the active layer 6 from the current blocking layer in growing the 
current blocking layer again. Moreover, the thickness of the p-type cladding layer 8 is set to a small value and preferably 
not more than 0.25 urn in order that the semiconductor laser device is formed into a real refractive index guided sem- 
iconductor laser device to reduce an unavailing current. In order to prevent the above-mentioned dispersion, therefore, 
the current blocking layer 1 3 on the side of the active layer 6 is preferably formed into a low impurity layer such as an 
undoped layer as in the present embodiment, and more preferably formed into an undoped layer as described above. 

Although in the above-mentioned first embodiment, a single quantum well structure layer composed of Al q Gai_ q As 
(q > 0) is used as the active layer 6, a multi quantum well structure layer composed of Al q Ga.,. q As well layers and 
AlpGa^pAs barrier layers (p > q > 0) may be used as the active layer 6. Alternatively, a layer having no quantum effect 
composed of A^Ga^As (q > 0) may be used as the active layer 6. 

An AIGaAs system semiconductor laser device according to a second embodiment of the present invention will 
be described using Figs. 4 and 5. In the semiconductor laser device shown in Fig. 4, portions corresponding to those 
in the semiconductor laser device shown in Fig. 1 are assigned the same reference numerals. 

In Fig. 4, an Se doped n-type GaAs buffer layer 2 having a thickness of 0.5 urn, an Se doped n-type A^Ga^As 
buffer layer 3 having a thickness of 0.1 urn, and an Se doped A^Ga^As cladding layer 4 having a thickness of 2.2 
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urn are formed in this order on an n-type GaAs substrate 1 , where x > s > 0. in the present embodiment, s = 0.1 8 and 
x = 0.45. 

An undoped A^Ga^As optical guide layer 5 having a thickness of 200 A, an undoped active layer 6, and an 
undoped Al w Ga-|. w As optical guide layer 7 having a thickness of 200 A are formed in this order on the n-type cladding 
layer 4, where 1 > x > v. In the present embodiment, v = 0.35. The active layer 6 is constructed by alternately stacking 
quantum well layers 6a composed of Al q Ga.|. q As having a thickness of 80 A and barrier layers 6b composed of 
Al p Ga-|. p As having a thickness of 80 A. Here v > p > q > 0 and w > p > q > 0. In the present embodiment, q = 0.11 and 
p = 0.3. Further, y1 > w and y2 > w. In the present embodiment, w = 0.35. 

A Zn doped p-type Al y1 Ga.,. y1 As cladding layer 8 having a thickness of t urn is formed on the optical guide layer 
7. In the present embodiment, y1 = 0.45. 

A stripe-shaped Zn doped p-type A^Ga^As etching stop layer 9 having a thickness of 200 A extending in the 
vertical direction (in the direction of the cavity length), a stripe-shaped Zn doped p-type Al y2 Ga 1 . y2 As cladding layer 
10 having a thickness of 1.8 urn, and a stripe-shaped Zn doped p-type GaAs cap layer 11 having a thickness of 0.7 
urn are formed in this order on an approximately central part of the p-type cladding layer 8. The p-type etching stop 
layer 9 has a width of W urn. The width W urn becomes the width of an opening forming a current path. Here 1 > u > 
y1 and 1 > u > y2. In the present embodiment, u = 0.7 and y2 = 0.45. The p-type etching stop layer 9, the p-type 
cladding layer 10, and p-type cap layer 11 constitute a stripe-shaped ridge portion 12. 

An undoped AI 2l Ga.,. zl As current blocking layer 1 3 having a thickness of 0.3um, an Se doped n-type A^Ga^AS 
current blocking layer 14 having a thickness of 0.2 urn, and an Se doped n-type GaAs current blocking layer 15 having 
a thickness of 0.3 urn are formed in this order on the p-type cladding layer 8 so as to cover the side surface of the ridge 
portion 12, where 1 >z1 >y1, 1 >z1 > y2, 1 2 > z2 > y1, and 1 >z2 >y2. 

A Zn doped p-type GaAs contact layer 1 6 having a thickness of 6 urn is formed on the upper surface of the p-type 
cap layer 1 1 , the end surface of the undoped current blocking layer 1 3, the end surface of the n-type current blocking 
layer 14, and the upper surface and the end surface of the n-type current blocking layer 15. 

A p-side electrode 17 composed of Cr/Au is formed on the p-type contact layer 16, and an n-side electrode 18 
composed of Cr/Sn/Au is formed on the lower surface of the n-type substrate 1 . 

A method of fabricating the semiconductor laser device shown in Fig. 4 is the same as the method of fabricating 
the semiconductor laser device shown in Fig. 1 except for the detailed structure of the active layer 6. 

In the semiconductor laser device, the current blocking layers 1 3 and 1 4 having a stripe-shaped opening (a stripe 
width W) for restricting a current path as well as forming the current path have larger band gaps and smaller refractive 
indexes than those of the p-type cladding layers 8 and 10. Consequently, in a light emitting region (a region schemat- 
ically indicated by an ellipse of a dotted line in Fig. 4), a real refractive index in a region a corresponding to the opening 
can be made larger than a real refractive index in a region b corresponding to both sides of the opening. Consequently, 
the semiconductor laser device is operable as a real refractive index guided semiconductor laser device. 

By the above-mentioned construction, the current blocking layers 13 and 14 become transparent current blocking 
layers which are transparent to lasing light. 

A real refractive index difference An in a case where the semiconductor laser device is not operated (a real refractive 
index n 0 in the region a corresponding to the opening minus a real refractive index n s in the region b corresponding to 
both sides of the opening) is changed by selecting the respective Al composition ratios z1 and z2 of the current blocking 
layers 1 3 and 14, the thickness t of the p-type cladding layer 8, and the stripe width, to measure maximum light output 
power Pk obtained when fundamental transverse mode lasing is possible, a horizontal beam divergence e H in the 
horizontal direction at that time, COD (catastrophic optical damage), and astigmatism. The results are shown in Table 
3. In this case, a reflective film having an index of reflection of 12 % and a reflective film having an index of reflection 
of 95 % are respectively provided on a front facet and a rear facet of the semiconductor laser device, and the cavity 
length is set to 600 um, to make measurements at an ambient temperature of 25 °C. 
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Fig. 6 shows the relationship among the real refractive index difference An, the maximum light output power Pk 
obtained when fundamental transverse mode lasing is possible, the stripe width W, and the horizontal beam divergence 
e H which are obtained using samples Nos. C1 to C18 in the Table 3. 

Fig. 6 shows that the stripe width W and the real refractive index difference An which satisfy a region RA between 
a straight line A indicated by a dotted line and a straight line X indicated by a dotted line must be selected in order that 
the maximum light output power Pk is not less than 70 mW, and the stripe width W and the real refractive index difference 
An which satisfy a region RB between a straight line B indicated by a dotted line and the above-mentioned straight line 
X must be selected in order that the maximum light output power Pk is not less than 1 00 mW. 

Furthermore, Fig. 6 shows that the stripe width W and the real refractive index difference An which satisfy a region 
RC below a straight line C indicated by a solid line, including the straight line C must be selected in order that the 
horizontal beam divergence 6 H is not less than 6.5°, and the stripe width W and the real refractive index difference An 
which satisfy a region RD below a straight line D indicated by a solid line, including the straight line D must be selected 
in order that the horizontal beam divergence 6 H is not less than 7°. 

The straight line A is represented by the following equation (B1 ): 



W = - 1 .33 x 1 0 J [urn] x An + 8.723 [u.m] 
The straight line B is represented by the following equation (B2): 

W = - 1.33 x 10 3 [p.m] x An + 7.923 foam] 
The straight line X is represented by the following equation (B3): 
W = 2.5 foam] 



The straight line C is represented by the following equation (B4): 

W = 2.25 x 1 0 3 [u.m] x An • 2.8 [u,m] (B4) 

The straight line D is represented by the following ; equation (B5): 

W = 2.25 x10 3 [u.m]x An- 3.175 foam] (B5) 

Fig. 7 shows the relationship between the COD and the stripe width W in the samples Nos. C9 to C14 shown in 
the foregoing Table 3. 

As can be seen from Fig. 7 and the Table 3, when the stripe width W is less than 2.5 u.m, the COD is less than 
100 mW, except that the maximum light output power Pk is less than 100 mW , whereby the life of the semiconductor 
laser device cannot be lengthened. 

Fig. 8 shows the relationship between the astigmatism and the real refractive index difference An in the samples 
Nos. C1 , C2, C5, C9, and C18 shown in the foregoing Table 3. 

As can be seen from Fig. 8 and the Table 3, when the real refractive index difference An is less than 2.4 x 10" 3 , 
the astigmatism is rapidly increased. When the astigmatism is thus very large, optical setting in an optical pickup, for 
example, becomes difficult. Therefore, it is preferable that the real refractive index difference An is not less than 2.4 x 
10-3. 

Furthermore, when the real refractive index difference An exceeds 3.5 x 1 0" 3 , transverse mode lasing becomes 
unstable, and fundamental transverse mode lasing becomes difficult, as shown in the Table 3. Consequently, it is 
preferable that the real refractive index difference An is not less than 2.4 x 10" 3 nor more than 3.5 x 10" 3 . 

It is desired that the maximum light output power Pk is not less than 70 mW and the horizontal beam divergence 
6 H is not less than 6.5° in a semiconductor laser device serving as a light source for a rewritable optical disc. In the 
present invention, therefore, the stripe width W and the real refractive index difference An are so selected as to satisfy 
an area where the region RA and the region RC are overlapped with each other and a range in which the real refractive 
index difference An is not less than 2.4 x 10" 3 nor more than 3.5 x 10" 3 . 
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That is, the stripe width W and the real refractive index difference An satisfy the following equations: 
2.4x10 3 <An<3.5x10" 3 



W < - 1 .33 x 10 3 [urn] x An + 8.723 [u.m] 
W < 2.25 x 10 3 [u.m] x An - 2.8 [u.m] 



W > 2.5 [urn] 

is It is preferable that the following relationship is satisfied in addition to the foregoing relationships in order that the 

maximum light output power Pk is not less than 100 mW: 

W < - 1 .33 x 1 0 3 [u.m] x An + 7.923 [u.m] 

It is more preferable that the following relationship is satisfied in order that the horizontal beam divergence e H is 
not less than 7°: 

25 W < 2.25 x 1 0 3 [u.m] x An - 3. 1 75 [u.m] 

It is still more preferable that the following relationships are satisfied in order that the maximum light output power 
Pk is not less than 100 mW, and the horizontal beam divergence e H is not less than 7°: 

30 3 -3 

2.4 x 10 < An < 3.5 x 10 



W > 2.5 [urn] 



W < 1 .33 x 10 3 [u,m] x An - 0.323 [u.m] 

40 W < 2.25 x 1 0 3 [urn] x An - 3.1 75 [u.m] 

Furthermore, a current blocking layer having a large band gap (having a high Al composition ratio) is relatively 
inferior in crystallinity. As a result, impurities may be diffused into the active layer 6 from the current blocking layer in 
growing the current blocking layer again. Moreover, the thickness of the p-type cladding layer 8 is set to a small value 
45 and preferably not more than 0.25 u.m in order that the semiconductor laser device is formed into a real refractive index 
guided semiconductor laser device to reduce an unavailing current. In orderto prevent the above-mentioned dispersion, 
therefore, the current blocking layer 1 3 on the side of the active layer 6 is preferably formed into a low impurity layer 
such as an undoped layer as in the present embodiment, and more preferably formed into an undoped layer as de- 
scribed above. 

so Although in the above-mentioned second embodiment, a multi quantum well structure layer composed of 

AlqGa^qAs quantum well layers and AlpGa^pAs barrier layers (P > q >0) is used as the active layer 6, a single quantum 
well layer composed of AlqGa-^As (q > 0) may be used. Alternatively, a layer having no quantum effect composed of 
AlqGa^qAs (q > 0) may be used. 

Although in the above-mentioned first and second embodiments, the etching stop layer 9 exists between the p- 
55 type cladding layers 8 and 10, that is, in the p-type cladding layer, the etching stop lay 9 need not be provided, provided 
that the decrease in yield is allowed. 

In the above-mentioned first and second embodiments, the respective Al composition ratios x, y1, and y2 of the 
AIGaAs cladding layers 4, 8, and 10 can be suitably selected in the range of not less than 0.4 nor more than 0.6, the 
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respective Al composition ratios z1 and z2 of the current blocking layers 1 3 and 1 4, which are higher than the respective 
Al composition ratios y1 and y2 of the AIGaAs cladding layers 8 and 10, having a stripe-shaped opening having a 
predetermined width for restricting a current path as well as forming the current path and adjacent to each other are 
set to be more than the respective Al composition ratios y1 and y2 of the AIGaAs cladding layers 8 and 10 by at least 
0.02. 

However, it is confirmed by experiments that when AIGaAs is inferior in crystallinity and is easily oxidized when 
the Al composition ratio thereof is more than 0.6, so that crystal growth thereon becomes difficult. Therefore, it is 
preferable that the respective Al composition ratios z1 and z2 of the current blocking layers 13 and 14 are set to not 
more than 0.6. 

Furthermore, although in the above-mentioned first and second embodiments, the n-type AIGaAs current blocking 
layer 14 and the undoped current blocking layer 1 3 have the same Al composition ratio, the current blocking layer 14 
and the current blocking layer 1 3 may have different Al composition ratios. Further, the semiconductor laser device 
may comprise only one of the current blocking layers 13 and 14. 

Although the present invention has been described and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be taken by way of limitation. 



Claims 

1 . A semiconductor laser device comprising in the order listed: 

a cladding layer of a first conductivity type; 
an active layer; 

a cladding layer of a second conductivity type; and 

a current blocking layer having a stripe-shaped opening of a predetermined width for restricting a current path 
and forming the current path, and having a larger band gap than that of said cladding layer of the second 
conductivity type and having a smaller refractive index than that of said cladding layer of the second conduc- 
tivity type, 

said cladding layer of the second conductivity type having a flat portion and a stripe-shaped ridge portion on 
said flat portion, 

said ridge portion being positioned in said opening of said current blocking layer, 

said current blocking layer being so formed as to cover the upper surface of said flat portion and the side 
surface of said ridge portion, and 

a difference An between a real refractive index in a region, which corresponds to said opening, in said active 
layer and a real refractive index in a region, which corresponds to both sides of said opening, in said active 
layer and the width W [u.m] of said opening satisfying the following relationship: 

An > 2 x10" 3 , 

W<-1.6x10 3 x An + 9.3, 

and 



W>3.0 

2. The semiconductor laser device according to claim 1 , wherein 

the difference An between the real refractive indexes and the width W of said opening satisfy the following 
relationship: 

W<-1.5x10 3 xAn + B55 

3. The semiconductor laser device according to claim 1 , wherein 

said cladding layer of the first conductivity type is composed of A^Ga^As, said active layer is composed of 
AlqGa^As (1 > x > q > 0), said cladding layer of the second conductivity type is composed of AlyGa^yAs (y > q), 
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and said current blocking layer is composed of A^Ga^jAs. 

4. The semiconductor laser device according to claim 1 , wherein 

said current blocking layer comprises an Al, 

the difference An between the real refractive indexes is set by selecting the Al composition ratio of said current 
blocking layer and the thickness of said cladding layer of the second conductivity type on the both sides of the 
opening. 

5. The semiconductor laser device according to claim 4, wherein 

the Al composition ratio z of said current blocking layer is higher than the Al composition ratio y of said 
cladding layer of the second conductivity type. 

6. The semiconductor laser device according to claim 4, wherein 

the Al composition ratio z of said current blocking layer is not more than 0.6. 

7. The semiconductor laser device according to claim 1 , wherein 

the width of said ridge portion at a distance away from said active layer decreases as the distance increases. 

8. The semiconductor laser device according to claim 1 , wherein 

said current blocking layer comprises at least a layer of said first conductivity type. 

9. The semiconductor laser device according to claim 1 , wherein 

said current blocking layer comprises a first layer formed on said active layer and a second layer formed on 
said first layer, 

said second layer being of said first conductivity type, 

said first layer having a lower impurity concentration than that of said second layer. 

10. A method of designing a semiconductor laser device comprising a cladding layer of a first conductivity type com- 
posed of Al x Ga.,. x As, an active layer composed of AlqGa^As (1 > x > q > 0), a cladding layer of a second con- 
ductivity type composed of AlyGa-^As (y > q), and a current blocking layer having a stripe-shaped opening having 
a predetermined width for restricting a current path and forming the current path and composed of Al z Ga-|. z As (1 
> z > y) in this order, comprising the steps of: 

setting a difference An between a real refractive index in a region, which corresponds to said opening, in said 
active layer and a real refractive index in a region, which corresponds to both sides of said opening, in said 
active layer and the width W of said opening in order that predetermined light output power is obtained in 
fundamental transverse mode lasing; and 

selecting the Al composition ratio z of said current blocking layer and the thickness of said cladding layer of 
the second conductivity type on the both sides of the opening in order that said difference An between the real 
refractive indexes is obtained. 

11. The method according to claim 10, wherein 

said setting step comprises the step of setting said difference An between the real refractive indexes and 
the width W [u.m] of said opening in order to satisfy the following relationships: 

An>2x10' 3 , 

and 

W<-1.6x10 3 xAn+9.3 

12. The method according to claim 11, wherein 

said setting step comprises the step of setting said difference An between the real refractive indexes and 
the width W [urn] of said opening in order to satisfy the following relationship: 
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W<-1.5x10 3 xAn + 8.55 

13. The method according to claim 11 , wherein 

said setting step comprises the step of setting the width W of said opening to not less than 3.0 urn. 

14. The method according to claim 10, wherein 

said cladding layer of the second conductivity type comprises a flat portion and a stripe-shaped ridge portion 
on said flat portion, 

said ridge portion being positioned in said opening of said current blocking layer, 

said current blocking layer being so formed as to cover the upper surface of said fiat portion and the side 
surface of said ridge portion. 

15. The method according to claim 14, wherein 

the width of said ridge portion at a distance away from said active layer decreases as the distance increases. 

16. A semiconductor laser device comprising in the order listed: 

a cladding layer of a first conductivity type; 
an active layer; 

a cladding layer of a second conductivity type; and 

a current blocking layer having a stripe-shaped opening of a predetermined width for restricting a current path 
and forming the current path, and having a larger band gap than that of said cladding layer of the second' 
conductivity type and having a smaller refractive index than that of said cladding layer of the second conduc- 
tivity type, 

said cladding layer of the second conductivity type having a flat portion and a stripe-shaped ridge portion on 
said flat portion, 

said ridge portion being positioned in said opening of said current blocking layer, 

said current blocking layer being so formed as to cover the upper surface of said flat portion and the side 
surface of said ridge portion, 

a difference An between a real refractive index in a region, which corresponds to said opening, in said active 
layer and a real refractive index in a region, which corresponds to both sides of said opening, in said active 
layer and the width W [urn] of said opening satisfying the following relationships: 

2.4x10' 3 <An<3.5x10" 3 , 



W 5 2.5, 



W<- 1.33x 10 3 xAn + 8.723, 

and 

W<2.25x10 3 xAn-2.8 

17. The semiconductor laser device according to claim 16, wherein 

said difference An between the real refractive indexes and the width W [um] of said opening satisfy the 
following relationship: 

W<-1.33x10 3 xAn + 7.923 



18. The semiconductor laser device according to claim 16, wherein 

the difference An between the real refractive indexes and the width W [um] of said opening satisfy the 
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following relationship: 



W< 2.25x10 x An -3.175. 

19. The semiconductor laser device according to claim 16, wherein 

said current blocking layer comprises an Al, 

the difference An between the real refractive indexes is set by selecting the Al composition ratio of said current 
blocking layer and the thickness of said cladding layer of the second conductivity type on the both sides of the 
opening. 

20. The semiconductor laser device according to claim 16, wherein 

said cladding layer of the first conductivity type is composed of A^Ga^As, said active layer is composed of 
AlqGa^qAs (1 > x > q > 0), said cladding layer of the second conductivity type is composed of AlyGa^yAs (y > q), 
and said current blocking layer is composed of A^Ga^jAs. 

21. The semiconductor laser device according to claim 20, wherein 

the Al composition ratio z of said current blocking layer is higher than the Al composition ratio y of said 
cladding layer of the second conductivity type. 

22. The semiconductor laser device according to claim 20, wherein 

the Al composition ratio z of said current blocking layer is not more than 0.6. 

23. The semiconductor laser device according to claim 16, wherein 

the width of said ridge portion at a distance away from said active layer decreases as the distance increases. 

24. The semiconductor laser device according to claim 16, wherein 

said current blocking layer comprises at least a layer of said first conductivity type. 

26. The semiconductor laser device according to claim 16, wherein 

said current blocking layer comprises a first layer formed on said active layer and a second layer formed on 
said first layer, 

said second layer being of said first conductivity type, said first layer having a lower impurity concentration 
than that of said second layer. 

26. A method of designing a semiconductor laser device comprising a cladding layer of a first conductivity type com- 
posed of Al x Ga.,. x As, an active layer composed of AlqGa^As (1 > x > q £ 0), a cladding layer of a second con- 
ductivity type composed of Al y Ga.,_ y As (y > q), and a current blocking layer having a stripe-shaped opening having 
a predetermined width for restricting a current path and forming the current path and composed of Al z Ga-,_ z As (1 
> z > y) in this order, comprising the steps of: 

setting a difference An between a real refractive index in a region, which corresponds to said opening, in said 
active layer and a real refractive index in a region, which corresponds to both sides of said opening, in said 
active layer and the width W of said opening in order that predetermined maximum light output power and a 
" predetermined horizontal beam divergence are obtained in fundamental transverse mode lasing; and 

selecting the Al composition ratio z of said current blocking layer and the thickness of said cladding layer of 
the second conductivity type on the both sides of the opening in order that said difference An between the real 
refractive indexes is obtained. 

27. The method according to. claim 26, wherein 

said setting step comprises the step of setting said difference An between the real refractive indexes and 
the width W [u.m] of said opening in order to satisfy the following relationships: 

2.4x10" 3 <An<3.5x10" 3 , 
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W <;- 1.33 x 10 x An +8.723, 



W<2.25x10 3 xAn-2.8 

28. The method according to claim 27, wherein 

said setting step comprises the step of setting said difference An between the real refractive indexes and 
the width W [urn] of said opening in order to satisfy the following relationship: 

W<-1.33x10 3 x An + 7.923 

29. The method according to claim 27, wherein 

said setting step comprises the step of setting said difference An between the real refractive indexes and 
the width W [u.m] of said opening in order to satisfy the following relationship: 

• W < 2.25 x10 3 x An -3.175 

30. The method according to claim 26, wherein 

said cladding layer of the second conductivity type comprises a flat portion and a stripe-shaped ridge portion 
on said flat portion, 

said ridge portion being positioned in said opening of said current blocking layer, 

said current blocking layer being so formed as to cover the upper surface of said flat portion and the side 
surface of. said ridge portion. 

31. The method according to claim 30, wherein ■ 

the width of said ridge portion at a distance away from said active layer decreases as the distance increases. 
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FIG. 1 
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